ABSTRACT
INTRODUCTION

34
Trace metals play many critical roles in the biogeochemical functioning of the ocean. Many 35 transition metals are required for the proper function of metalloproteins in phytoplankton (Sunda, heated to 110°C for 4 hours. This procedure solubilizes biogenic and mineral particles, giving 126 90-113% recoveries for a range of elements (Table 1) , while allowing the Supor filter to remain 127 largely intact (Ohnemus et al., 2014) . Following heating, the acid solution in the vial was poured 128 into a second PFA vial. This step was required due to the brittle nature of Supor filters following 129 the hot acid step. The filter cannot be removed from the vial without it partially degrading.
130
Removing the digest acid without disturbing the filter ensures that no filter pieces are present for 131 the drydown step. To ensure complete transfer of acid, the vials were thoroughly rinsed with 3 × 132 0.5-mL aliquots of ultrapure water that were also poured into the secondary vial. The secondary 133 vial was then heated to dryness and the contents re-dissolved with 2 mL of a 50% Optima-grade clean bench, and nickel cones. Cd-111 was analyzed in low-resolution mode, and the remaining 145 isotopes were analyzed in medium-resolution mode. Multiple isotopes were analyzed for some 146 elements (e.g., Fe-56, Fe-57); concentrations were within 4%, on average, for both Fe isotopes. curves during the same analytical runs as the NAZT samples. Recoveries were typically within Collection and analysis of in situ pump particle samples 169 The collection and analysis of size-fractionated particles collected with pumps for total 170 particulate trace metals are described in Ohnemus and Lam (2014) . Here, we briefly highlight 171 some details that are important for the comparison with the GO-FLO particles. Nominal pump 172 sampling depths based on wire out targeted the same sample depths as the GEOTRACES rosette 173 and were corrected for wire angle using a self-recording Seabird 19plus CTD that was deployed 174 at the end of the pump line. On the second cruise, additional pressure loggers attached to three 175 pumps further helped to correct for actual depths. Corrections were generally small except along 176 line W (including stations , where strong western boundary currents caused 177 significant wire angles requiring correction. In situ pump particles were collected using battery-178 operated in situ pumps (McLane Research, Inc. WTS-LV) that were modified for dual-flow 179 collection: the "QMA-side" consisted of a 51 µm polyester prefilter followed by paired quartz 180 fiber filters (Whatman QMA); the "Supor-side" consisted of a 51 µm polyester prefilter followed 181 by paired 0.8 µm polyethersulfone (Supor800) filters. Subsamples of the QMA-side prefilter and 182 the top 0.8 µm Supor filter were used for analysis of the >51µm and 0.8-51µm particulate trace 183 metal size fractions, respectively.
185
Although the 0.8 µm pore size is larger than typical 0.2 µm or 0.45 µm operational cut-offs for 186 particle collection, this larger pore size was chosen specifically to address requirements unique to in situ pumping (Bishop et al., 2012 was no need to transfer to a secondary vial as for the GO-FLO particle digestions. Subsequent 210 dry down steps were as described for the GO-FLO samples, except that the final pellet was re-211 dissolved in 2 mL 5% HNO 3 . The mass of pump particles digested was on average 3x higher 212 compared to bottle particles. All pump sample digests were analyzed on a Thermo Scientific
213
Element2 ICP-MS at the WHOI Plasma Facility using a quartz spray chamber introduction 214 system following protocols described in Ohnemus et al. (2014) . Quantification was via 12 multi-215 element external standards spanning four orders of magnitude. All samples and standards had 1 216 ppb Indium as an internal standard for matrix and drift corrections.
RESULTS and DISCUSSION
The full water column at each station compared herein was sampled using both methods, but American shelf (Fig. 1 ), biogenic elements P and Cd were elevated in the upper 60 m in both 284 datasets, although bottle samples present >2-fold higher concentrations (Fig. 3a) sub-surface minima around 100 m in both datasets. There is also agreement at deeper depths.
307
On the eastern side of the North Atlantic basin and closer to the African continent, profiles from 308 station 2010-10 provide one of the few comparisons >500 m (Fig. 3d) Table 4 . Pair-wise comparisons of pump and bottle data. Mean (± SE) differences between logged pump and logged bottle concentrations (bottle -pump) are shown in the first row. Statistical significance of these differences was tested with the nonparametric Wilcoxon signed rank test, and p-values are presented below the mean differences (p-values < 0.05 in bold). Geometric mean ratios of bottle to pump data are shown in row 3. The bottom row presents the slope ± SE of linear fit to log-log plot (log bottle on y-axis, log pump on x-axis). n = 5 . Scatterplot of particulate P concentrations as determined using GO-FLO bottles or in situ pumps across all stations, with symbol color indicating the depth from which the samples were collected. Axes present particulate concentrations on a logarithmic scale. Fig. 6 . Scatterplot of particulate Fe concentrations in the sinking fraction (>51 µm) plotted against total particulate Fe concentrations. All concentrations determined using in situ pumps. Symbol color indicates the distance of the station from the beginning of the transect. Axes present particulate concentrations on a logarithmic scale.
